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Abstract-Bluetooth is a proficient technology for short range 
wireless communication and networking, fundamentally used 
as a alternate for connected cables. Bluetooth is a Wireless 
Personal Area Network (WPAN) technology, which enables 
devices to connect and communicate by means of short-range 
ad-hoc networks. Topology formation remains to be 
challenging problem in most of the Bluetooth based Wireless 
Personal Area Networks (BT-WPANs). The problem of 
topology creation in WPANs can be divided I nto two sub 
problems: the election of the nodes that have to act as master, 
and the assignment of the slaves to the piconets. Topology 
creation is the procedure of defining the piconets, and the 
interconnection of the nodes organized in the network area. 
Traffic load distribution and energy consumption by the nodes 
are the two major factors that are affected by improper 
topology design. Many researchers have been conceded on 
topology study for Bluetooth WPANs. These researches decide 
to develop an efficient topology for BT-WPANs that may 
consume less energy for communication between the master 
and the slave. This paper presents a survey on various network 
topology distribution techniques for Bluetooth based WPANs. 
Additionally, as a part of future research, this paper also 
discusses some of the limitations of the available topologies and 
the probable solutions to overcome the limitations 
Keywords- Bluetooth, Bridges, Topology, Wireless Personal 
Area Network (WPAN), Nodes, Master, Slave, Piconets, 
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I. INTRODUCTION 
n recent years, wireless ad-hoc networks have acquired 
significant importance. Correspondingly, a great deal of 
attention is offered towards short range radio systems that 
are operated using Bluetooth technology [1], [2] and IEEE 
802.15[3]Wireless Personal Area Networks (WPAN). 
Piconets form the fundamental architectural unit in WPANs. 
Bluetooth is a Wireless Personal Area Network (WPAN) 
technology, which enables devices to connect and 
communicate via short-range ad-hoc networks [4]. 
Bluetooth WPANs (BT-WPANs) are characteristically used 
to twist stand-alone devices located in the range of about 10 
m into networked equipment. In general, a piconet 
comprises of a master device and a maximum of seven slave 
devices. The slave devices are limited in operation as they 
are permitted to communicate only with their master device. 
Additionally, a piconet can have unlimited number of nodes, 
provided that they remain inactive. In other words, the 
excess nodes will not participate in piconet transmissions.  
A different frequency hopping sequence may be utilized by 
each piconet. This frequency hopping sequence is normally 
derived from the master address. Because of the exercise of 
different hopping sequences, a bridge cannot be active in 
more than one piconet at a time; thus, bridges have to switch 
between piconets on a time division basis, and, while 
switching, they must re-synchronize with the current 
piconet. An intended full duplex connection can be 
established between the master and the slave by sending and 
receiving the traffic alternatively. A master or a slave 
involved in the activity of more than one piconet can act as a 
bridge allowing piconets to form a larger network, a so-
called scatternet. A slave is allowed to start transmission in a 
given slot, if the master has addressed it in the preceding 
slot. In Bluetooth technology, frequency hopping or time 
division duplex (FH/TDD) is used for time division into 
625- sec intervals, termed as slots. The master uses intra-
piconet scheduling algorithms to schedule the traffic within 
a piconet. Inter-piconet scheduling algorithms are used to 
schedule the existence of the bridges in diverse piconets [8]. 
Abundant intra and inter-piconet scheduling algorithms have 
been proposed [5] [6] [7]. 
Network topology creation remains to be a most important 
aspect in WPANs. Topology creation is the process of 
defining the piconets, and the interconnection of the nodes 
deployed in the network area. Certainly, topology design has 
an essential impact on the traffic load distribution within the 
WPAN, and on the nodes energy consumption. One of the 
most demanding problems in deploying a BT-WPAN 
consists in forming a scatternet that meets the constraints 
posed by the system specifications and the traffic 
requirements. This paper presents a survey on various 
network topology distribution techniques for Bluetooth 
based WPANs. Additionally, as a part of future research, 
this paper also discusses some of the limitations of the 
available topologies and the probable solutions to overcome 
the limitations. 
The remainder of this paper is organized as follows. Section 
II of this paper provides an insight view on different 
topologies for Bluetooth based wireless personal area 
networks that were proposed earlier in literature. Section III 
gives directions for future research. Section IV concludes 
the paper with fewer discussions. 
II. LITERATURE REVIEW 
Numerous researches have been carried on topology study 
for Bluetooth WPANs. These researches determine to 
develop an efficient topology for BT-WPANs that may 
consume less energy for communication between the master 
and the slave. This section of the paper provides a close 
study on different topologies for Bluetooth based wireless 
personal area networks that were proposed earlier in 
literature. 
An effective topology for Bluetooth scatternet was proposed 
by Huang et al. in [9]. Bluetooth is a capable technology for 
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short-range wireless communication and networking, 
essentially used as a replacement for connected cables. 
Since the Bluetooth specification only defines how to build 
piconet, several solutions have been proposed to construct a 
scatternet from the piconets in the literatures. A tree shaped 
scatternet is called the bluetree. In their paper, they proposed 
an approach to generate the bluetree hierarchically; namely, 
the nodes are added into the bluetree level by level. This 
kind of Hierarchical Grown Bluetree (HGB) topology 
resolves the defects of the conventional bluetree. During 
growing up, HGB always remains balanced so as to 
maintain shorter routing paths. Besides, the links between 
siblings provide alternative paths for routing. As a result, the 
traffic load at parent nodes can be significantly improved 
and only two separate parts will be induced if a parent node 
is lost. The Bluetooth network therefore achieves better 
reliability. 
L. Huang et al. in [10] described the impact of topology on 
multi-hop Bluetooth personal area network. Their paper 
concentrates on the impact of topology on Bluetooth 
personal area network. They initially described some 
observations on performance degradations of Bluetooth 
PAN due to network topologies, and then analyzed its 
reason. Based on their analysis, they described a lithe 
scatternet formation algorithm under conference scenario for 
multi-hop communication. By using proposed method, 
scatternet can be formed flexibly with different topologies 
under a controlled way. In order to utilize topology 
information in multi-hop communication, they proposed 
new link metric Load Metric (LM) information in multi-hop 
communication; they proposed a new link metric Load 
Metric (LM) instead of number of hops. LM is derived from 
estimation of nodes link bandwidth, which reflects different 
roles of nodes in Bluetooth scatternet. Furthermore, their 
proposal helped routing protocol to bypass heavily loaded 
nodes, and find route with larger bandwidth. They presented 
some experimental results based on implementation, which 
proved the effectiveness of their protocols. 
Hsu et al. in [11] put forth a method of topology formation 
with the assistance of ns. Bluetooth is a promising 
technology in wireless applications, and many associated 
issues are however to be explored both in academia and 
industry. Because of the complexity and the dynamics of 
computer networks, a good simulation tool plays an 
imperative role in the development stage. Of the existing 
simulation tools, ns is an accepted, open-source package that 
has a considerable support for simulation of TCP, routing, 
and multicast protocols over wired and wireless networks. It 
also has BlueHoc as its extension for Bluetooth. Although 
BlueHoc offers many simulation functions for Bluetooth, all 
simulations must be done in a practically fixed topology. 
Hence simulation about dynamic topology construction-the 
first and an important step in establishing a Bluetooth 
network-cannot be conducted. Besides, BlueHoc offers only 
a restricted support for building a network. It also lacks 
flexibility in device control, in animated presentation, and in 
modeling mobility. The main contribution of their paper is 
therefore to enhance BlueHoc to support the aforementioned 
functions. 
Optimal topology for Bluetooth was projected by Melodia et 
al. in [12]. As we all know, Bluetooth is a hopeful 
technology for personal/local area wireless communications. 
A Bluetooth scatternet is composed of overlapping piconets, 
each with a low number of devices sharing the same radio 
channel. Their paper discusses the scatternet formation 
problem by analyzing topological characteristics of the 
scatternet formed. A matrix-based representation of the 
network topology is used to define metrics that are applied 
to estimate the key cost parameters and the scatternet 
performance. Numerical examples are presented and 
discussed, highlighting the impact of metric selection on 
scatternet performance. Then, a distributed algorithm for 
scatternet topology optimization is introduced, that supports 
the formation of a locally optimal scatternet based on a 
selected metric. Numerical results obtained by adopting this 
distributed approach to optimize the network topology are 
shown to be close to the global optimum. 
Lin et al. in [13] proposed the formation of a new BlueRing 
scatternet topology for Bluetooth WPANs. It is 
recommendable to have uncomplicated yet competent 
scatternet topologies with good supports of routing 
protocols, considering that Bluetooth are to be used for 
personal area networks with design goals of simplicity and 
compactness. In the literature, even though many routing 
protocols have been proposed for mobile ad hoc networks, 
directly applying them poses a difficulty due to Bluetooth's 
special base band and MAC-layer features. In their work, 
they proposed an attractive scatternet topology called 
BlueRing, which connects piconets as a ring interleaved by 
bridges between piconets, and address its formation, routing, 
and topology-maintenance protocols. The BlueRing 
architecture enjoys the following fine features. First, routing 
on BlueRing is stateless in the sense that no routing 
information needs to be kept by any host once the ring is 
formed. This would be favorable for environments such as 
Smart Homes where computing capability is limited. 
Second, the architecture is scalable to median-size 
scatternets easily (e.g. around 50 ~ 70 Bluetooth units). In 
comparison, most star- or treelike scatternet topologies can 
easily form a communication bottleneck at the root of the 
tree as the network enlarges. Third, maintaining a BlueRing 
is a trouble-free task as some Bluetooth units join or leave 
the network. To endure single-point failure, they proposed a 
protocol-level solution mechanism. To tolerate multipoint 
failure, they proposed a recovery mechanism to reconnect 
the BlueRing. Graceful failure is tolerable as long as no two 
or more critical points fail at the same time. In addition, they 
also evaluated the ideal network throughput at different 
BlueRing sizes and configurations by mathematical analysis. 
Simulation results are presented, which demonstrated that 
BlueRing outperforms other scatternet structures with higher 
network throughput and moderate packet delay.  
A feasible topology formation algorithm for Bluetooth based 
WPANs was presented by Carla et al. in [14]. In their paper, 
they begin with the problem of topology formation in 
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Bluetooth Wireless Personal Area Networks (BT-WPANs). 
They initially overviewed and extended a previously 
proposed centralized optimization approach, and discussed 
its results. Then they outlined the main steps of two 
procedures that can lead to feasible distributed algorithms 
for the incremental construction of the topology of a BT-
WPAN. The centralized optimization approach has the 
advantage of producing topologies that reduce the traffic 
load of the most congested node in the network while 
meeting the limitations on the BT-WPAN structure and 
capacity. On the other hand, the centralized nature and the 
high complexity of the optimization are a strong limitation 
of the proposed approach. Distributed algorithms for the 
topology formation of BT-WPANs are much more 
attractive, provided their algorithmic complexity and energy 
cost are sufficiently low to allow implementation in large 
BT-WPANs. Moreover, they discussed the distributed 
procedures for the insertion and the removal of a node 
in/from a BT-WPAN, which are easily implementable and 
able to cooperate between the system efficiency and its 
ability to rapidly recover from topology changes. These 
procedures are the key building blocks for a distributed 
solution approach to the BT-WPAN topology formation 
problem. 
Roy et al. in [15] proposed a new topology construction 
technique for Bluetooth WPANs. They proposed a 
Bluetooth topology construction protocol that works in 
combination with a priority-based polling scheme. A master 
assigns a priority to its slaves including bridges for each 
polling cycle and then polls them as many times as the 
assigned priority. The slaves can splurge their idle time 
either in a power-saving mode or execute new node 
discovery. The topology construction algorithm works in a 
bottom-up manner in which isolated nodes join to form 
small piconets. These small piconets can come together to 
form larger piconets. Larger piconets can establish sharing 
bridge nodes to form a scatternet. Individual piconets can 
also discover new nodes while participating in the master-
driven polling process. The shutting down of master and 
slave nodes is detected for dynamic restructuring of the 
scatternet. The protocol can handle situations when all the 
Bluetooth nodes are not within radio range of each other. 
Scatternet formation of Bluetooth wireless networks was 
projected by Zhen et al. in [16]. In their paper, a protocol 
stack of Bluetooth group ad hoc network and a ―blue-star 
island‖ network formation algorithm are proposed. The 
network formation locates within Bluetooth Network 
Encapsulation Protocol (BNEP) layer and is underneath the 
routing protocol. The most important task of network 
formation is to establish and maintain Bluetooth network 
topology with better performance and in a fast and economic 
way. The routing protocol is generally to find the best routes 
among the existing network topology. The network 
formation communicates with routing protocol and 
management entity using ―Routing Trigger‖ mechanism. 
The ―blue-star island‖ algorithm is a distributed 2-stages 
scheme. First, a group of neighbor nodes are self-organized 
into ―blue-star Island,‖ where the joint node is slave in 
scatternet. Then, initiated by ―Routing Trigger‖ from routing 
protocol, blue-star islands are bridged together. The 
―Routing trigger‖ can be ―Route REQuest‖ message or 
―HELLO‖ message. The design has no assumption on 
number, distribution and mobility of nodes. In addition, they 
presented discussion and simulation results that showed the 
proposed algorithm has lower formation latency, maintained 
consume and generated an efficient and good quality of 
topology for forwarding packet. 
A self-routing topology for Bluetooth WPANs was put forth 
by Sun et al. in [17]. The emerging Bluetooth standard is 
considered to be the most promising technology to construct 
ad-hoc networks. It contains specifications on how to build a 
piconet but left out the details on how to automatically 
construct a scatternet from the piconets. Existing solutions 
only discussed the scatternet formation concern without 
considering the ease of routing in such a scatternet. They 
presented algorithms to embed b-trees into a scatternet 
which enables such a network to become self-routing. It 
requires only fix-sized message header and no routing table 
at each node regardless of the size of the scatternet. These 
properties made their solution scalable to deal with networks 
of large sizes. Their solutions are of distributed control and 
asynchronous. They also proved that their algorithm 
preserves the b-tree property when devices join or leave the 
scatternet and when one scatternet is merged into another. 
Salonidis et al. in [18] proposed a distributed topology 
formation technique for Bluetooth personal area networks. 
In their paper they introduced and analyzed a randomized 
symmetric protocol that yields link establishment delay with 
predictable statistical properties. They then proposed the 
Bluetooth Topology Construction Protocol (BTCP), an 
asynchronous distributed protocol that extends the point-to-
point symmetric mechanism to the case of several nodes. 
BTCP is based on a distributed leader election process 
where closeness information is discovered in a progressive 
way and ultimately accumulated to an elected coordinator 
node. BTCP consists on three important phases. They are 
Coordinator election, role determination, connection 
establishment and leader election termination. Bluetooth 
link establishment is a two-step process that involves the 
Inquiry and Paging procedures. Leader election is an 
important tool for breaking symmetry in a distributed 
system. They have implemented BTCP on top of an existing 
prototype implementation that emulates the Bluetooth 
environment on a Linux platform. 
A distributed Bluetooth scatternet formation method was 
presented by Chang et al. in [19]. They devised a distributed 
Bluetooth scatternet formation algorithm using the parking 
property. This parking mechanism allows the master to 
manage more than seven slaves in its piconet. When a 
master slave pair is formed, the slave is immediately parked 
such that the master will not be restricted by already having 
seven active slaves. This method is effortless and valuable 
and is well-matched with current Bluetooth specification. As 
we all know that straight line is the shortest way to connect 
to points in space, they named their algorithm Blueline to 
indicate that the communicating path between two Bluetooth 
nodes is shorter compared to other scatternets. Their 
proposed scatternet formation algorithm will allow two 




Bluetooth nodes to form a connection and communicate 
directly if they are within each other‘s transmission range. 
The important purpose is to form a topology with the 
minimum number of hops for routes. One thing not 
described in the above algorithm is the switching policy of a 
bridge in the scatternet. In order to evaluate the performance 
of Blueline, they have developed a Bluetooth extension to 
the VINT project network simulator. 
Metin et al. in [20] discussed the construction of energy 
efficient Bluetooth scatternets. Bluetooth networks can be 
constructed as piconets or scatternets depending on the 
number of nodes in the network. Though piconet 
construction is a distinct process specified in Bluetooth 
standards, scatternet formation policies and algorithms are 
not well specified. Among many solution proposals for this 
problem, only a few of them focus on efficient usage of 
bandwidth in the resulting scatternets. In their paper, they 
proposed a distributed algorithm for the scatternet formation 
problem that dynamically constructs and maintains a 
scatternet based on estimated traffic flow rates between 
nodes. The algorithm is adaptive to changes and maintains a 
constructed scatternet for bandwidth-efficiency when nodes 
come and go or when traffic flow rates change. Based on 
simulations, the paper also presented the improvements in 
bandwidth-efficiency and reduction in energy consumption 
provided by the proposed algorithm. 
An algorithm for connected topologies in Bluetooth WPANs 
was described by Guerin et al. in [21]. They first described 
the fundamental characteristics of the Bluetooth technology 
that are appropriate to topology formation. They formulated 
a mathematical model for the system objectives and 
constraints, as an initial step towards a systematic 
investigation of the connectivity issue. They mainly focused 
on designing a topology where a node‘s degree does not 
exceed 7. They presented a topology design procedure based 
on an approximation algorithm guaranteed to generate a 
spanning tree with degree at most one more than the 
minimum possible value in any arbitrary graph. The 
Minimum weighted spanning tree algorithm does not give 
any analytical guarantee on the degrees of the nodes in the 
3-dimensional case. Therefore they utilized MST algorithm 
to form connected topologies for Bluetooth networks.  
Marsan et al. in [22] projected an approach for optimal 
topology design in WPANs. In their paper, they deal with 
the master election and the assignment of the slaves to the 
piconets, while they do not address the election of the bridge 
nodes. They defined an intention function to be optimized in 
the course of the network topology design, which represents 
the above requirements on traffic load distribution and 
energy consumption at the network nodes. Then, they 
devised topology design algorithms for WPAN systems, that 
both maximize the objective function, and satisfy the 
constraints on the maximum number of active slaves 
allowed per piconet and on the maximum transmission 
range of the radio devices. They initially assumed that a 
centralized procedure can be performed, and they found the 
optimal set of masters as well as the optimal assignment of 
slaves to piconets. Then, by maintaining the set of masters 
identified via the centralized algorithm, they developed a 
distributed assignment scheme, which well approximates the 
performance of the centralized solution. Tabu search 
algorithms can be seen as an evolution of the classical local 
optimum solution search called Steepest Descent (SD). The 
approach they proposed to find the optimal network 
topology in a centralized manner completely relies on the 
use of the tabu search (TS) methodology. Numerical results 
showed that the distributed algorithm closely approximates 
the performance of the centralized solution for almost any 
number of nodes in the network area. 
In order to optimize the topology in Bluetooth PANs Marsan 
et al. proposed a method in [23]. Their optimization 
approach is based on a model resultant from constrictions 
that are unambiguous to the BT-WPAN technology, but the 
level of abstraction of the model is such that it can be related 
to the more general field of ad hoc networking. By using a 
min-max formulation, they determined the optimal topology 
that provides full network connectivity, fulfills the traffic 
requirements and the constraints posed by the system 
specification, and minimizes the traffic load of the most 
congested node in the network, or equivalently its energy 
consumption. Results showed that a topology optimized for 
some traffic requirements is also remarkably robust to 
changes in the traffic pattern. Due to the problem 
complexity, the optimal solution is attained in a centralized 
manner. Although this implies severe limitations, a 
centralized solution can be applied whenever a network 
coordinator is elected, and provides a useful term of 
comparison for any distributed heuristics. 
III. FUTURE ENHANCEMENT 
In recent years, wireless ad hoc networks have been a 
growing area of research. While there has been considerable 
research on the topic of routing in such networks, the topic 
of topology creation has received due attention. Bluetooth is 
a promising new wireless technology, which enables 
portable devices to form short-range wireless ad hoc 
networks and is based on a frequency 
hopping physical layer. However, the network topology 
construction at present requires that devices are pairwise in 
range of each other. The issue of determining an optimal 
topology specifically for BT-WPANs is discussed in [18] 
but is not actually addressed there. The first attempt at 
finding a solution to the problem is represented by the work 
in [24]. Further research is needed to conquer this strong 
requirement while maintaining an easy construction process. 
In addition, it would be interesting to perform simulation 
studies in order to estimate the parameters of real schedules 
that yield a good tradeoff between achievable throughput, 
average path length and medium access delay caused by the 
scheduling. The mobility support of the algorithm is not 
discussed in [19]. Therefore, the future work may take steps 
to make the algorithm to support mobility by turning the 
neighbors discover time to infinity. The future study may 
determine to find a mathematical framework for Bluetooth 
scatternets, in order to allow the design of efficient 
scatternet topologies 
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IV. CONCLUSION 
Wireless networks are implemented in a variety of real time 
applications. Bluetooth is a capable technology in wireless 
applications, and many associated issues are however to be 
explored both in academia and industry. Therefore, the 
Bluetooth technology that is used to interface the devices 
within a short range is widely used in recent years. The 
communication between the connected devices takes place 
by means of a network, which has to be assigned a topology. 
Topology determination for a Bluetooth based WPANs are a 
serious problem in most of the applications. Topology 
creation resides on election of a master and assignment of 
the slaves to that particular elected master. A lot of 
techniques and methods have been proposed earlier in 
literature for topology formation in Bluetooth wireless 
personal area networks. This paper presents a survey on 
various network topology distribution techniques for 
Bluetooth based WPANs. The future work mainly focuses 
on developing an approach for topology creation that 
accounts for minimum energy consumption between the 
master and slave node. The development of an approach 
also considers the traffic load between the nodes 
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